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DESCRIPTION 

TITLE 

SEMICONDUCTOR RADIATION DETECTOR AND METHOD OF MANUFACTURING 
THE SAME 
TECHNICAL FIELD 

The invention relates to a semiconductor radiation 
detector used in equipment such as medical radiation 
diagnostic apparatuses, industrial X-ray inspection 
instruments, and physiological X-ray analyzers, and a method 
of manufacturing the same. 

BACKGROUND ART 

In this kind of semiconductor radiation detector, 
hitherto, high resistance bulk crystals such as cadmium 
telluride (CdTe) or cadmium zinc telluride (CdZnTe) , excellent 
as radiation detecting materials have been used. In the case 
of high resistance bulk crystals of CdTe, it is hard to obtain 
crystals over a large area having homogeneous and excellent 
electrical characteristics, and usually a single element of 
a small volume of about lxlxl mm 3 has been used or scores 
of them are arranged, and a radiation detector of a small array 
type is used. When such bulk crystals are used, it is 
technically difficult to realize a radiation detector for an 
area large enough to cover the entire chest area of a human 
body, and it is also very expensive. Further, in the case of 
radiation detectors based on conventional high resistance bulk 
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crystals of CdTe, conductive electrodes or Schottky electrodes 
are formed on the upper sides and undersides of the crystals, 
a high voltage of hundreds to 1000 V is applied between the 
two electrodes, and the carrier generated by radiation in the 
CdTe crystals is extracted by an electric field and detected 
as an electrical signal. Therefore, in this kind of radiation 
detector using high resistance bulk crystals of CdTe, it is 
scarcely possible to improve detection characteristics except 
in terms of the resistance of the element . 

In contrast , Japanese Patent Application Laid-Open No . 
64-89471 discloses a semiconductor radiation detector having 
a hetero junction made up of a compound semiconductor crystals 
of CdTe or the like, and a crystalline thin film of InAs or 
the like. In the case of this semiconductor radiation 
detector, the compound semiconductor crystal is used as an 
active region (active layer) for generating the carrier, and 
the crystalline thin film layer has a function of implanting 
the carrier efficiently from the compound semiconductor 
crystal into the metal electrode. Therefore, if crystal of 
a II -VI group such as CdTe are used for the compound 
semiconductor crystal, it is very hard to obtain a crystal 
covering a large area, and the semiconductor radiation 
detector becomes very expensive. If on the other hand 
crystals other than CdTe or CdZnTe are used for the compound 
semiconductor crystal, radiation-detecting characteristics 
are not sufficient. 
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Japanese Patent Application Laid-Open No. 6-120549 
discloses a radiation detector composed of semi-insulating 
semiconductor crystals such as CdTe, a P-type P-HgCdTe 
epitaxially grown at one of its sides, and an N-type N-HgCdTe 
epitaxially grown at the other side. In this semiconductor 
radiation detector, the same problems as in the case of the 
semiconductor radiation detector disclosed in Japanese Patent 
Application Laid-Open No. 6-120549 are present because the 
semi-insulating semiconductor crystals such as CdTe are used 
as an active region for generating the carrier. 

The invention is devised to solve the problems of the 
prior art, and it is hence an object thereof to present a 
semiconductor radiation detector excellent in radiation 
detection performance, having a sufficient strength, capable 
of being formed over a large area, and manufactured 
inexpensively; and a method of manufacturing the same. 

DISCLOSURE OF THE INVENTION 

To achieve the object, a feature of the invention 
comprises a substrate of Si or GaAs , and a CdTe or CdZnTe growth 
layer laminated and formed on the surface of the substrate by 
the metal organic vapor phase epitaxy (MOVPE) method, in which 
the growth layer is an active layer for incident radiation. 

In the invention, since the CdTe or CdZnTe growth layer 
is laminated by the MOVPE method on the surface of a Si or GaAs 
substrate having a satisfactory degree of strength, a growth 
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layer having excellent crystallinity is obtained. Hence, by 
virtue of this growth layer, a favorable radiation detection 
performance can be obtained. Moreover, since the Si or GaAs 
substrate can be inexpensively obtained over a large area and 
with a high degree of strength, and by means of laminating the 
CdTe or CdZnTe growth layer on its surface by the MOVPE method, 
a semiconductor radiation detector that is capable of covering 
a large area, and also of a satisfactory degree of strength, 
can be obtained inexpensively. 

In the invention, the Si or GaAs substrate can be formed 
as an N-type of low resistance, and the CdTe or CdZnTe growth 
layer can be formed as a P-type of high resistance. Therefore, 
in addition to the actions and effects described above, by 
application of a reverse bias to the semiconductor radiation 
detector, the carrier generated in the P type active layer as 
a result of the incidence of radiation can be extracted 
efficiently by a PN junction. 

In the invention, a thin CdTe or CdZnTe intermediate 
growth layer of an N-type of low resistance can also be provided 
between the Si or GaAs substrate and the CdTe or CdZnTe growth 
layer. The thickness of the intermediate growth layer is 
about 0.02 to 0.05 mm, and thus remains the same hereinafter. 
By interposing such a thin intermediate growth layer of an 
N-type of low resistance, damage to the PN junction can be 
suppressed within the intermediate growth layer, the 
crystallinity of the CdTe or CdZnTe growth layer can be 
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favorably maintained, and the collection efficiency of 
carriers generated in the active layer by the PN junction can 
be enhanced. 

In the invention, the Si or GaAs substrate can also 
be a P-type of low resistance, and the CdTe or CdZnTe growth 
layer can be formed by laminating the P-type layer of high 
resistance at the Si or GaAs substrate and the N-type layer 
of low resistance at the surface side . As a result , in addition 
to the action and effects described above, by means of applying 
a reverse bias to the semiconductor radiation detector, the 
carrier generated in the P type active layer as a result of 
the incidence of radiation can be extracted efficiently to the 
PN junction with the N type layer of low resistance. 

Further, between the Si or GaAs substrate and the CdTe 
or CdZnTe growth layer, a thin CdTe or CdZnTe intermediate 
growth layer of a P-type of low resistance containing arsenic 
can be provided. As a result, defects occurring at the 
boundary of the Si substrate can be suppressed by the thin 
P-type CdTe growth layer, and the radiation characteristics 
of a CdTe growth layer of high resistance can be enhanced. 

Instead of the N-type layer on the surface side, a 
Schottky electrode may be provided. Hence, by means of a 
Schottky junction between the Schottky electrode and the 
P-type layer, the carrier generated in the active layer of a 
P-type as a result of the incidence of radiation can be 
extracted efficiently. 
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In the semiconductor radiation detector, preferably, 
grooves extending from growth layer on the surface side to the 
Si or GaAs substrate are provided by cutting means, so as to 
be separated into multiple unit elements in a two-dimensional 
arrangement. Means of cutting includes laser cutting, dry 
etching, and dicing. Thus, a semiconductor radiation 
detector capable of extending over a large area, and composed 
of multiple unit elements in a two-dimensional arrangement, 
can be realized easily . 

Further, multiple surface electrodes or Schottky 
electrodes can be provided on the surface side growth layer 
of the semiconductor radiation detector, and guard ring 
electrodes can be provided so as to surround the surface 
electrodes or Schottky electrodes. As a result, even if the 
elements are not divided by the formation of grooves by cutting 
means at the surface side of semiconductor radiation detector, 
a semiconductor radiation detector capable of extending over 
a large area, and composed of multiple elements in a 
two-dimensional arrangement, can still be easily achieved. 

Besides, the low resistance growth layer on the surface 
side is divided into multiple small regions, and arranged in 
a two-dimensional layout, and in small regions, or small 
regions of Schottky electrodes, high voltage may be applied 
in between a main small region at a specified position and 
plural peripheral small regions that surround the main small 
region. Hence, even without dividing elements by means of the 
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formation of grooves by cutting means at the surface side of 
the semiconductor radiation detector, a semiconductor 
radiation detector of multiple elements in a two-dimensional 
arrangement can still be easily realized, merely by electrode 
processing at the surface side. 

In another feature of the invention, a manufacturing 
method of a semiconductor radiation detector comprising a Si 
substrate, and a CdTe or CdZnTe growth layer laminated and 
formed on the surface of the substrate by the MOVPE method, 
using the growth layer as an active layer for incident 
radiation, wherin the Si substrate is placed in a high 
temperature reducing atmosphere, the GaAs powder or the GaAs 
crystals are decomposed, arsenic is deposited on the Si 
substrate, and the CdTe or CdZnTe growth layer is laminated 
and formed on the arsenic-deposited surface of the Si substrate 
by the MOVPE method. 

Thus, with the Si substrate placed in a high 
temperature reducing atmosphere, by thermally decomposing the 
GaAs powder, or GaAs crystals, and by depositing arsenic on 
the Si substrate, arsenic can be deposited on the Si substrate 
in a divalent form, rather than in a quadrivalent form. 
Thereafter, when CdTe or CdZnTe is grown on the 
arsenic-deposited surface of the Si substrate by the MOVPE 
method, the Si substrate and the CdTe or CdZnTe growth layer 
can be laminated by means of a strong adhesive force through 
the divalent arsenic. As a result, in the invention, the CdTe 
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growth layer can be formed on the Si substrate by the MOVPE 
method, a process that was extremely difficult in the prior 
art, while at the same time a satisfactory degree of adhesion 
strength and favorable crystallinity can be assured. 

When the Si substrate is an N-type of low resistance, 
and the CdTe or CdZnTe growth layer is a P-type of high 
resistance, by means of this manufacturing method, the CdTe 
or CdZnTe growth layer can be laminated on the Si substrate 
with a strong adhesive force. 

Between the Si substrate and the CdTe or CdZnTe growth 
layer, a thin CdTe or CdZnTe intermediate layer of an N-type 
of low resistance may further be provided, and in this case, 
too, by means of the same manufacturing method, the N-type 
growth layer of high resistance can be laminated on the Si 
substrate with a strong adhesive force through the divalent 
arsenic . 

When the Si substrate is a P-type of low resistance, 
and the CdTe or CdZnTe growth layer is formed by laminating 
a P-type layer of high resistance at the Si substrate side and 
an N - type layer of low resistance at the surface side, by means 
of the same manufacturing method, a P-type layer of high 
resistance as the CdTe or CdZnTe growth layer can be laminated 
on a Si substrate of a P-type of low resistance with a strong 
adhesive force. 

Between the Si substrate and the CdTe or CdZnTe growth 
layer, a thin CdTe or CdZnTe intermediate layer of a P-type 
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of low resistance containing arsenic may further be provided, 
and in this case, too, by means of the same manufacturing method, 
the P-type growth layer of low resistance containing arsenic 
can be laminated on a Si substrate of a P-type of low resistance 
with a strong adhesive force. 

Instead of the N-type layer on the surface side, a 
Schottky electrode may be provided in the semiconductor 
radiation detector, and in this case also, by means the same 
manufacturing method, the CdTe growth layer can be formed with 
a satisfactory degree of adhesion strength and favorable 
crystallinity . 

Moreover, in the manufacturing method of the 
semiconductor radiation detector, in which grooves extending 
from the growth layer side to the Si substrate are provided 
by cutting means so as to be separated into multiple unit 
elements in a two-dimensional arrangement, by the same 
manufacturing method, the CdTe growth layer can be formed with 
a satisfactory degree of strength of adhesion to the Si 
substrate, and favorable crystallinity. 

Further, in the semiconductor radiation detector in 
which multiple two-dimensional surface electrodes or Schottky 
electrodes are provided on the surface of the growth layer side, 
and guard ring electrodes are provided so as to surround the 
surface electrodes or Schottky electrodes, by this same 
manufacturing method, a CdTe growth layer can be formed with 
a satisfactory degree of adhesion strength and favorable 
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crystallinity assured . 

Furthermore, in the semiconductor radiation detector 
in which the low resistance growth layer on the surface side 
is divided into multiple small regions, and arranged in a 
two-dimensional layout, and in small regions or small regions 
of Schottky electrodes , high voltage is applied both in between 
a main small region at a specified position and plural 
peripheral small regions that surround the main small region, 
by this same manufacturing method, a CdTe growth layer can be 
formed with a satisfactory degree of adhesion strength and 
favorable crystallinity assured. 

According to the invention, on an inexpensive but 
nonetheless rigid Si or GaAs substrate, a CdTe or CdZnTe growth 
layer is laminated by the MOVPE method, and a growth layer of 
favorable crystallinity is obtained. Accordingly, by means 
of this growth layer, a favorable radiation detection 
performance can be achieved. Besides, the Si or GaAs 
substrate can be obtained inexpensively and rigidly over a 
large area, and by laminating the surface of the CdTe or CdZnTe 
growth layer by the MOVPE method, a semiconductor radiation 
detector that can cover a large area, and has a strong rigidity, 
can be obtained inexpensively. 

Further, in the invention, by depositing divalent 
arsenic on the Si substrate surface by thermally decomposing 
GaAs powder or GaAs crystals, the CdTe or CdZnTe growth layer 
can be laminated on the Si substrate rigidly by the MOVPE method. 
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Therefore, the invention has made it possible to form by the 
MOVPE method a CdTe growth layer on a Si substrate with a 
satisfactory degree of adhesion strength, and favorable 
crystallinity assured, a merit that has proved extremely 
difficult in the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a 
semiconductor radiation detector in a first embodiment of the 
invention . 

FIG. 2A is a schematic sectional view of part of the 
manufacturing process of the semiconductor radiation detector. 

FIG. 2B is a schematic sectional view of part of the 
manufacturing process of the semiconductor radiation detector. 

FIG. 2C is a schematic sectional view of part of the 
manufacturing process of the semiconductor radiation detector. 

FIG. 2D is a schematic sectional view of part of the 
manufacturing process of the semiconductor radiation detector. 

FIG. 2E is a schematic sectional view of part of the 
manufacturing process of the semiconductor radiation detector. 

FIG. 3 is a schematic sectional view of the 
semiconductor radiation detector in a modified example of the 
first embodiment. 

FIG. 4 is a schematic sectional view of the 
semiconductor radiation detector in a second embodiment. 

FIG. 5 is a schematic sectional view of the 
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semiconductor radiation detector in a modified example 1 of 
the second embodiment. 

FIG. 6 is a schematic sectional view of the 
semiconductor radiation detector in a modified example 2 of 
the same. 

FIG. 7 is a schematic perspective view of the 
semiconductor radiation detector in a third embodiment. 

FIG. 8 is a schematic perspective view of the 
semiconductor radiation detector in a fourth embodiment. 

FIG. 9 is a schematic perspective view of the 
semiconductor radiation detector in a fifth embodiment. 

FIG. 10 is a schematic sectional view of the 
semiconductor radiation detector in a modified example 1 of 
the fifth embodiment . 

FIG. 11 is a schematic sectional view of the 
semiconductor radiation detector in a modified example 2 of 
the same. 

FIG. 12 is a schematic sectional view of the 
semiconductor radiation detector in a modified example 3 of 
the same. 

FIG. 13 is a schematic sectional view of the 
semiconductor radiation detector in a modified example 4 of 
the same. 

BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment of the invention is described below with 
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reference to the accompanying drawings. FIG. 1 is a 
perspective view of the semiconductor radiation detector 10 
of a first embodiment, having a CdTe growth layer 13 of a P-type 
of high resistance laminated and formed by the MOVPE method 
on a surface of a silicon substrate 11 (Si substrate) of a 
N-type of low resistance. FIGS. 2 represent schematic 
sectional views of the manufacturing process of the 
semiconductor radiation detector. 

The semiconductor radiation detector 10 comprises a 
Si substrate 11 of an N-type of low resistance, an arsenic 
coating layer 12 formed on the Si substrate 11, and a CdTe 
growth layer 13 of a P-type of high resistance laminated and 
formed on the arsenic coating layer by the MOVPE method. By 
division grooves 15 extending from the surface of the CdTe 
growth layer 13 as far as the Si substrate 11, the semiconductor 
radiation detector 10 is divided into multiple elements of a 
hetero junction structure in a two-dimensional arrangement, 
and surface side electrodes 16 and underside common electrode 
17 of the substrate are provided. The semiconductor radiation 
detector 10 is as shown in FIG. 2E connected to a semiconductor 
circuit board 19 on which, for example, a control LSI is mounted 
by the surface side electrodes 16. 

The manufacturing process of the semiconductor 
radiation detector 10 is explained with reference to FIG. 2. 

The direction of the crystal plane is important for 
the Si substrate in terms of matching with the CdTe growth layer 
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13. Crystal plane (211) is most preferable, and crystal plane 
(100) is also favorable. Other crystal planes are also usable. 
A Si substrate 11 may be formed in a large diameter of about 
12 inches, and thus is also sufficient in terms of strength 
and ease of handling. Hence, use of the Si substrate 11 makes 
it possible for a semiconductor radiation detector covering 
a very wide area to be manufactured. This Si substrate 11 is 
heated in a hydrogen reducing atmosphere of 900 to 1000 deg. 
C, and the surface is cleaned. On this Si substrate 11, a 
gallium arsenic ( GaAs ) powder or GaAs crystals are deposited 
by thermally decomposing in an atmosphere of 700 to 900 deg. 
C, and an arsenic coating layer 12 can be formed by coating 
arsenic molecules equivalent to around one molecular layer 
( see FIG . 2A) . 

On a Si substrate 11 with an arsenic coating layer 12, 
a CdTe growth layer 13 is formed by the MOVPE method in an 
atmosphere of about 450 to 500 deg. C to a thickness of about 
0.2 to 0.5 mm (see FIG. 2B) . Dimethyl cadmium can for example 
be used as the material for the cadmium, and diethyl tellurium 
as the material for the tellurium. The P type dopant can, for 
example, be tertiary butyl arsine. In a CdTe growth layer 13 
thus formed, since a divalent arsenic coating layer 12 is 
formed on the Si substrate 11, it is formed as an active layer 
that is in tight contact with the Si substrate 11. 

In order to form on the surface of the CdTe growth layer 
13, two-dimensional multiple unit elements of a small area of 
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about 1 mm square, surface side electrodes 16 can be formed 
by a sputtering method and a lithography method. On the under 
side of the Si substrate 11, common electrode 17 is formed by 
sputtering (see FIG. 2C) . Electrode materials include Au, 
Sb-Au, In-Au, W-Au and T-Pt-Au. Further, extending from the 
surface side of the CdTe growth layer 13 along the electrodes 
16 into the Si substrate 11, division grooves 15 can be formed 
by a laser cutting method (FIG. 2D). As a result, the 
semiconductor radiation detector 10 can be obtained in a 
two-dimensional arrangement divided into multiple unit 
elements. By means of the electrodes 16 the semiconductor 
radiation detector 10 can be adhered to an electrode wiring 
board, that is a semiconductor circuit board 19 on which a 
signal processing large-scale integrated circuit (LSI) has 
been formed on part. 

As explained above, since, in the first embodiment, 
in the semiconductor radiation detector 10, the CdTe growth 
layer 13 is laminated by the MOVPE method on the surface of 
the Si substrate 11 to a satisfactory degree of strength, a 
growth layer having favorable crystallinity can be obtained. 
Further by means of the growth layer, a favorable radiation 
detection performance is acquired. Moreover, in the first 
embodiment, the Si substrate 11 is placed in a high temperature 
reducing atmosphere, and the GaAs powder, or the crystals are 
decomposed to deposit arsenic on the Si substrate 11, so that 
an arsenic coating layer 12 can be formed in a divalent form. 
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rather than a quadrivalent form. Accordingly, when CdTe is 
grown on the Si substrate 11 with the arsenic by the MOVPE 
method, the CdTe growth layer 13 can be laminated on the Si 
substrate 11 with a strong adhesive force by virtue of an 
arsenic coating layer 12 of a divalent arsenic. As a result, 
in the embodiment, the formation of a CdTe growth layer 13 on 
the Si substrate 11 by the MOVPE method, which proved very 
difficult in the prior art, can now be achieved by a stable 
method, with a satisfactory degree of adhesion strength and 
favorable crystallinity assured. 

Moreover, a Si substrate 11 can be obtained over a large 
area, and with a high degree of rigidity, inexpensively, and 
by laminating the surface of CdTe or CdZn Te growth layer by 
means of the MOVPE method, a semiconductor radiation detector 
covering a large area and with a satisfactory level of strength 
can be obtained inexpensively. Moreover, with this 
semiconductor radiation detector 10, by forming by a laser 
cutting method, grooves 15 extending from the growth layer side 
to the Si substrate 11 a semiconductor radiation detector 
covering a large area in a two-dimensional arrangement, and 
divided into multiple unit elements, can be easily and 
inexpensively provided. 

Next a modified example of the first embodiment will 
be described. 

In the semiconductor radiation detector 10 of the 
modified example, as shown in FIG. 3, an arsenic coating layer 



16 



12 is provided on a Si substrate 11 of an N-type of low 
resistance, a CdTe intermediate layer 14 of an N-type of low 
resistance is then provided, and further a CdTe growth layer 

13 of a P-type of high resistance is formed, A CdTe 
intermediate layer 14 of an N-type may also be formed by the 
MOVPE method, like the CdTe growth layer 13 of a P-type, by 
changing the dopant to iodine. The thickness of the CdTe 
intermediate layer 14 of an N-type is very thin, from about 
0.02 to 0.05 mm, and the CdTe growth layer 13 of a P-type is 
identical to that in the first embodiment. Thus, according 
to modified example 1, by forming a thin CdTe intermediate 
layer 14 of an N-type of low resistance, damage in the PN 
junction can be suppressed in the intermediate layer 14, 
crystallinity of the CdTe growth layer 13 can be favorably 
maintained, and this is effective in terms of enhancing the 
collection efficiency of carriers generated by the PN junction 
in the CdTe growth layer 13. 

A second embodiment will next be described. 

A semiconductor radiation detector 2 0 in the second 
embodiment is shown in FIG. 4, in which an arsenic coating layer 
12 is provided on a Si substrate 21 of a P-type of low resistance, 
and a CdTe growth layer 22 of a P-type of high resistance is 
provided thereon, and then a CdTe growth layer 23 of an N-type 
of low resistance is provided. The CdTe growth layer 23 can 
be similarly formed by the MOVPE method, by changing the dopant 
to iodine, in the same way as described above. The thickness 
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of the CdTe growth layer 22 of a P-type is similar to that of 
CdTe growth layer 13. The thickness of the CdTe growth layer 
23 of an N-type has a thinness of about 0.02 to 0.05 mm. 

According to this embodiment, in addition to the action 
and effects of the first embodiment, by applying reverse bias 
to the semiconductor radiation detector 20, carriers generated 
by the active layer, a CdTe growth layer 22 of a P-type, by 
means of the incidence of radiation, can be effectively 
extracted by a PN junction with a growth layer 23 of an N-type 
of low resistance. In the second embodiment 2, in the same 
manner as in the first embodiment, a semiconductor radiation 
detector covering a large area, and with a satisfactory level 
of strength, can be obtained inexpensively. 

A modified example 1 of the second embodiment will now 
be explained. 

A semiconductor radiation detector 20A of a modified 
example 1 is shown in FIG. 5. In this modified example an 
arsenic coating layer 12 is provided on a Si substrate 21 of 
a P-type of low resistance, a CdTe growth layer 24 of a P-type 
of low resistance is provided thereon, and then a CdTe growth 
layer 22 of a P-type of high resistance is provided thereon, 
and then a CdTe growth layer 23 of an N-type of low resistance 
is provided. The CdTe growth layers 23, 24 can both be 
similarly formed by the MOVPE method by changing the dopant 
to iodine and arsenic, in the same way as described above. The 
thickness of the CdTe growth layer 22 of a P-type and of the 
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CdTe growth layer 23 of an N-type is similar to those of CdTe 
growth layers 22, 23 of the second embodiment. The CdTe growth 
layer 24 of a P-type is a thin layer, of a thickness of about 
0.02 to 0.05 mm. Accordingly, in modified example 1, in 
addition to the action and effects of the second embodiment, 
defects occurring on the boundary of the Si substrate 21 can 
be suppressed by the thin CdTe growth layer 24 of a P-type, 
and the radiation resistance characteristics of the CdTe 
growth layer 22 of high resistance can be enhanced. 

A modified example 2 of the second embodiment will now 
be explained. 

A semiconductor radiation detector 20B of a modified 
example 2 is shown in FIG . 6 . In this modified example , instead 
of the CdTe growth layer 23 of an N-type of low resistance in 
the semiconductor radiation detector 20 of the second 
embodiment, a Schottky electrode 2 6 is provided. The material 
of the Schottky electrode 26 can, for example, be a gold 
material. As a result, in the same manner as in the PN junction 
of the second embodiment, by means of a Schottky junction of 
the Schottky electrode 26 and the CdTe growth layer 22, 
carriers generated in the active layer of the CdTe growth layer 
22 by means of the incidence of radiation can be extracted 
efficiently. Moreover, by using a Schottky electrode, 
instead of the CdTe growth layer 23 of an N-type of low 
resistance in the semiconductor radiation detector 20A of 
modified example 1, similar effects can be obtained. 
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A third embodiment will next be described. 

A semiconductor radiation detector 31 of the third 
embodiment is shown in FIG. 7. In this embodiment multiple 
surface electrodes 32a in a two-dimensional arrangement are 
provided at the surface side of the semiconductor radiation 
detector, and guard ring electrodes 32b are provided so as to 
surround the surface electrodes 32a. In other words, instead 
of forming division grooves 15 at the surface side of the Cdte 
growth layer 13 extending as far as the inside of Si substrate 
11, as described in the first embodiment, the semiconductor 
radiation detector 31 is divided into multiple unit elements 
by guard ring electrodes 32b. As a result, the task of forming 
grooves at the surface side of semiconductor radiation 
detector 31 can be dispensed with, and a semiconductor 
radiation detector 31 composed of multiple two-dimensional 
elements can still be presented inexpensively . 

A fourth embodiment will next be described. 

A semiconductor radiation detector 3 4 of the fourth 
embodiment is shown in FIG. 8. In this embodiment a CdTe growth 
layer 36 of high resistance is formed on a Si substrate 35 (or 
GaAs substrate) of high resistance, and two-dimensional 
multiple Schottky electrodes 37 are provided on the surface 
of the growth layer 36. The electrodes 3 7 are divided into 
a main electrode 37a at a specified position, and peripheral 
electrodes 37b surrounding the main electrode. When voltage 
of a high voltage source 38 is applied between the main 
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electrode 37a and the peripheral electrodes 37b, carriers 
generated in the growth layer 36 are processed only at the 
surface side of the semiconductor radiation detector 34. 
Hence, in the fourth embodiment, without having to divide the 
elements by forming grooves on the surface side of the 
semiconductor radiation detector 34 by a method such as laser 
cutting , and merely by electrode processing at the surface side , 
a semiconductor radiation detector of multiple 
two-dimensional elements can be easily realized. 

A fifth embodiment will next be described. 

A semiconductor radiation detector 40 of the fifth 
embodiment comprises, as shown in FIG. 9, a GaAs substrate 41 
of an N-type of low resistance, and a CdTe growth layer 42 of 
a P-type of high resistance laminated and formed on the 
substrate 41 by the MOVPE method. In this semiconductor 
radiation detector 40 surface side electrodes 43 and substrate 
reverse side common electrodes 44 are formed in a state of 
division by division grooves (not shown) into multiple plane 
elements of a hetero junction structure extending from the 
surface of the CdTe growth layer 42 as far as substrate 41. 

The GaAs substrate 41 is smaller in diameter than the 
Si substrate, but can be about 4 inches in diameter, at 
satisfactory strength and easy to handle. A semiconductor 
radiation detector capable of covering large area can 
therefore be manufactured. The GaAs substrate 41 can assure 
junction strength of the CdTe growth layer 42 without arsenic 
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treatment on the surface unlike the Si substrate 11. As a 
result, in the fifth embodiment, since the CdTe growth layer 
42 is laminated by means of the MOVPE method on the surface 
of GaAs substrate 41 to a satisfactory degree of strength, an 
active layer with a satisfactory crystallinity can be obtained. 
A satisfactory radiation detection capacity can thus be 
obtained by means of the CdTe growth layer. Further, a GaAs 
substrate 41 capable of covering large area, and of 
satisfactory degree of strength can be obtained inexpensively, 
and by laminating the CdTe growth layer 42 on its surface, a 
semiconductor radiation detector capable of covering a large 
area and of a sufficient degree of strength, can be obtained 
inexpensively . 

A modified example 1 of the fifth embodiment will now 
be explained. 

A semiconductor radiation detector 4 6 of a modified 
example 1 is shown in FIG. 10. In this modified example a thin 
CdTe intermediate growth layer 4 7 of an N-type of low 
resistance is provided between the GaAs substrate 41 of an 
N-type of low resistance and a CdTe growth layer 42 of a P-type 
of high resistance laminated and formed by means of the MOVPE 
method on the substrate 41, already described above in the 
semiconductor radiation detector 40 of the fifth embodiment. 
According to modified example 1, in addition to the action and 
effects of the fifth embodiment, since a thin intermediate 
growth layer 47 of an N-type of low resistance is provided. 
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damage at the PN junction can be suppressed, and carriers 
generated in the active layer of the CdTe growth layer 42 by 
the PN junction can be collected efficiently. 

A modified example 2 of the fifth embodiment will now 
be explained. 

A semiconductor radiation detector 51 of modified 
example 2 is shown in FIG. 11. In this modified example a CdTe 
growth layer 53 of a P-type of high resistance is provided on 
a GaAs substrate 52 of a P-type of low resistance, and further 
a CdTe growth layer 54 of an N-type of low resistance is 
provided. The CdTe growth layer 54 can be formed by the MOVPE 
method, by changing the dopant to iodine, in the same manner 
as described above. According to modified example 2, in 
addition to the action and effects of the fifth embodiment, 
by applying reverse bias to the semiconductor radiation 
detector, carriers generated by the active layer, the CdTe 
growth layer 53 of a P-type, by means of the incidence of 
radiation, can be effectively extracted by the PN junction with 
the growth layer 54 of an N-type of low resistance. 

A modified example 3 of the fifth embodiment will now 
be explained. 

A semiconductor radiation detector 56 of modified 
example 3 is shown in FIG. 12. In this modified example a thin 
CdTe intermediate growth layer 57 of a P-type of low resistance 
is provided between the GaAs substrate 52 of a P-type of low 
resistance and a CdTe growth layer 53 of a P-type of high 
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resistance, already described above in the semiconductor 
radiation detector 51 of modified example 2. Accordingly, in 
modified example 3, in addition to the action and effects of 
the fifth embodiment, defects occurring in the boundary of the 
GaAs substrate 52 can be suppressed by the thin CdTe 
intermediate growth layer 57 of a P-type, and the radiation 
resistance characteristics of the CdTe growth layer 53 of high 
resistance can be enhanced. 

A modified example 4 of the fifth embodiment is 
explained, 

A semiconductor radiation detector 61 of modified 
example 4 is shown in FIG. 13. In this modified example, 
instead of the CdTe growth layer 54 of an N-type of low 
resistance in the semiconductor radiation detector 51 of the 
fifth embodiment, a Schottky electrode 62 is provided. In the 
same manner as in the PN junction of the second embodiment, 
by means of the Schottky junction of the Schottky electrode 
62 and the CdTe growth layer 53 of a P-type, carriers generated 
in the active layer, the P-type layer 53, by means of the 
incidence of radiation, can be efficiently extracted. In the 
semiconductor radiation detector 56 of modified example 3, 
even when the Schottky electrode is used instead of the CdTe 
growth layer 54 of an N-type of low resistance, similar effects 
can still be obtained. 

In the semiconductor radiation detectors of the fifth 
embodiment and its modified examples, instead of forming a 
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two-dimensional arrangement, by dividing into unit elements 
by means of division grooves, the methods of the third 
embodiment or fourth embodiment may be applied • In the 
embodiments and modified examples, the CdTe growth layer is 
formed by the MOVPE method, but a CdZnTe growth layer may be 
formed instead. Furthermore, the semiconductor radiation 
detectors of the embodiments are only examples, and may changed 
and modified in various forms without departing from the scope 
of the true sprit of the invention. 

INDUSTRIAL APPLICABILITY 

The semiconductor radiation detector of the invention 
is formed by laminating and forming a CdTe or CdZnTe growth 
layer on the surface of a Si or GaAs substrate by means of the 
MOVPE method, a growth layer with favorable crystallinity can 
be obtained, an excellent radiation detection performance can 
be obtained inexpensively, a large area can be covered and a 
satisfactory degree of strength can be provided. In the 
invention, by thermally decomposing GaAs powder or GaAs 
crystals, and by depositing divalent arsenic on the surface 
of the Si substrate, a CdTe or CdZnTe growth layer can be firmly 
laminated on the Si substrate by means of the MOVPE method, 
a merit that has been very elusive in the prior art , and thereby 
outstanding effects can be achieved. 
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